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CONTINUOUS MEASUREMENT OF THE ACTION OF POTASSIUM AND 
SODIUM WITHIN THE INTERSTICE OF MUSCLE STRIA DURING 

PHYSICAL EXERCISE 

G .  Gerbert  and K .  Brechtl  

ABSTRACT: The l e v e l s  of  potassium and sodium i n  the  i n t e r -  
s t i t i a l  f l u i d  o f  muscles have been cont inuously measured, a t  
rest and dur ing  e x e r c i s e ,  with ion  s p e c i f i c  g l a s s  micro- 
e l e c t r o d e s .  The values  found and t h e i r  known v a s o d i l a t i n g  
e f f e c t s  c o r r e l a t e  wel l  with the  func t iona l  hypcrcmia ob- 
served i n  muscles dur ing  exe rc i se .  

I NT RODUCT I ON 

In muscles,  t h e  l e v e l  of potassium i n  t h e  venous blood inc reases  wi th  muscu- - / 
l a r  e x e r c i s e .  A simultaneous inc rease  i n  t h e  l e v e l  of potassium of t h e  ar ter ies  

r e s u l t s  i n  vasod i l a t ion  with hyperemia. Thus, v a r i a t i o n  i n  the  potassium l e v e l s  

a r e  r e l a t e d  t o  t h e  hyperemia mechanism i n  muscular a c t i v i t y .  

The exac t  s i z e  o f  t h e  inc rease  i n  t he  potassium levels near  t h e  res idence  

vesse l s  and i t s  mode o f  change has no t  been known u n t i l  now, Previous research 
has l imi t ed  i t s e l f  t o  t h e  in te rmi t ten t  measurement of t h e  leve ls  of potassium i n  
the venous b l o o d ,  Yet,  such l eve l s  i n  the  blood a m  not  exact measurement of the  
i n t e r s t i t i a l  levels of  potassium because the di f fus ion  capaci ty  of the vaiscttlor 
.;ys.tcm i s  I I O P  w f f i c i e n t  t o  ~ e ~ c : h  equi l ibr ium i n  p e ~ i e d s  of  inersaseci irrigation. 

N i t h  t h c  development of ion s p e c i f i c  g l a s s  e l e c t r o d e s  f o r  potassium and 

sodium, it  1135 become f e a s i b l e  t o  cont inuously measure t h e  loca l  changes i n  the  

ac t  i l r i t y  of  these i o n s .  We have b u i l t  microelectrodes , mounted i n  iner t  g l a s s ,  

with t i p s  c lose  t o  50 u i n  diameter;  we have used he re  NAS 11-18 g l a s s  (Corning 

Glass Works, New York, provided by D r .  HBbert) and a l s o  pEle g l a s s  ( Jenaer  Glass- 

lverke Schot t  , Mayence) . The microelectrodes have an i n t e r n a l  r e s i s t a n c e  ranging 

from 10 t o  10l1 ohms. 

f o r  potassium as f o r  sodium. Therefore  a simultaneous measwement of K and Na 

had to be made, and t h e  potassium l e v e l s  co r rec t ed  l a t e r  i n  func t ion  o f  t h e  

I : I r i  a t  ions  i n  t he  sodium levels. 

9 The potassium e l ec t rodes  are only t h r e e  times as s e l e c t i v e  
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The s t u d i e s  have been made on urethane ines thes i ed  r a b b i t s .  The fol lowing 

values  were measured: 1. K and Na a c t i v i t i e s  i n  blood samples from t h e  femoral 

ve in ,  a t  rest and a f t e r  d i r e c t  s t imu la t ion  of rhe l e g  muscles; 2.  s imultaneous 

continuous recording of the K and Na a c t i v i t i e s  i n  t h e  femoral venous blood and 

o f  t h e  blood flow i n  t h e  femoral a r t e r y ,  us ing  an e lec t romagnet ic  flowmeter. 

These measures were conducted a t  r e s t  and while  s t i m u l a t i n g  t h e  muscle a t  va r ious  

f requencies ;  3 .  changes i n  K and Na ac t iv i t ies  i n  t h e  i n t e r s t i t i a l  f l u i d  o f  t h e  

muscle dur ing  muscular a c t i v i t y .  

The r e s u l t s  havd been as fo l low:  1. t h e  basa l  l e v e l s  f o r  K (4.2 k 0 . 8  

mmol/L) and f o r  Na (134.4 t 4.0 mmol/l) i n  t he  blood have matched t h e  va lues  ob- 

t a ined  by flamme photometry; 2 .  K a c t i v i t y  d id  ra i se  t o  6 - 6 . 5  mmol/l and N a  

a c t i v i t y  t o  140 mmol/l i n  t h e  muscle venous blood during muscular exercise; 3 .  

K a c t i v i t y  did r a i s e  f a s t e r  and h ighe r  i n  the  i n t e r s t i t i a l  f l u i d  than i n  the  blood. 

With high frequency of  s t imu la t ion  a l e v e l  of 8 ~ 9  mmo1/1 i s  reached f o r  K ;  4 .  K 

a c t i v i t y  change i n  t h e  blood and i n  t h e  i n t e r s t i t i a l  f l u i d  i s  concomit tant  with 

hyper' emi a.  

I f  t h e  vasod i l a t ing  e f f e c t  of  s i m i l a r  concent ra t ions  of K i n  vivo and i n  

v i t r o  i s  considered,  t h e  r o l e  o f  t h e s e  i o n i c  s h i f t s  i n  t h e  con t ro l  of func t iona l  

hyperemia appears q u i t e  l i k e l y .  


